Abstract-We have investigated the operation of a high-voltage segmented hollow cathode discharge which is an efficient pumping source for ultraviolet metal ion lasers. We present the photographically recorded visual appearance of the discharge and the spatial distribution of the ionization source obtained from Monte Carlo simulation of the electrons' motion. Both results show that the high voltage of the segmented hollow cathode discharge and the curved cathode surfaces result in a strong focusing of the fast electrons even at the relatively high operating pressure.
[ 11. In order to improve pumping efficiency, high-voltage (coil cathode, hollow anode cathode) discharge constructions have been developed and have proved to be superior over conventional (cylindrical, slotted) hollow cathode discharges [2] . The latest development in the design of "laser purpose" hollow cathode discharges is the (longitudinally) segmented hollow cathode (SHC) discharge [3] . The SHC discharge consists of four electrodes, two opposing cathodes and two opposing anodes. The working surfaces of the electrodes are situated on a common cylindrical surface. Lasers in SHC discharges operate in dc or long-pulse (ms) mode. The higher gain of the SHC configuration compared to earlier constructions allowed us to operate Au-I1 and Cu-I1 UV lasers with Brewster windows and external mirrors [4] , [SI.
The visual appearance of an SHC discharge operating in helium buffer gas is shown in Fig. 1 . The bore diameter of the discharge tube was 4 mm. The picture shown in Fig. 1 was recorded on a color negative film (Kodak Gold IS0 100/21", using a Helios 58-mm focal length objective with 1/16 aperture and a 44-mm intermediate ring) for the following discharge conditions: 15 mbar pressure, 0.5 A current, and 550 V discharge voltage. The length of the current pulse was 0.5 ms and the power supply driving the discharge was synchronized to the photographic camera, and the picture was taken from a single pulse. The luminosity The arrangement has four electrode segments, the cathode electrodes are situated at the left and right side of the discharge, and the anodes are at the top and bottom. The bore diameter of the tube was 4 mm, and the filling gas was 15 mhar helium. The picture was taken during a single 0.5-ms long excitation pulse of 0.5 A current and 550 V discharge voltage. The strongest light emission originates from that part of the negative glow where the fast electrons are focused by the two opposing curved cathode surfaces. distribution of the negative glow shown in this picture indicates that the fast electrons (responsible for the excitation and ionization of helium atoms) are concentrated on the axis of the discharge due to the focusing effect of the curved cathode surfaces. This focusing effect is more pronounced compared to the conventional hollow cathode discharge due to the increased energy of fast electrons accelerated by the higher voltage of the SHC. A similar focusing effect using a concave cold cathode electron gun has been illustrated in [6] .
Using Monte Carlo simulation of the electrons' motion in the discharge, the spatial distribution of the ionization source has been obtained. The high ionization rate characterizes those regions where the energy of electrons is mainly deposited, thus the source function of ionization has a direct relation to the visually observed light emission from the discharge. In the simulations, a narrow, collisionless cathode sheath was assumed. The electrons were traced in an electric fieldfree region which made the simulation fast enough to obtain relatively "noise-free'' two-dimensional (2-D) ionization Fig. 1 . The ionization source function is normalized so that its integral gives the electron multiplication. The horizontal and vertical scales are given in millimeters. The focusing effect of the curved cathode surfaces results in a strongly peaked ion production rate in the central region of the discharge. The number of primary electrons in the simulation was lo6, resulting in a total number of simulated electrons M lo7.
IEEE TRANSACTIONS ON PLASMA SCIENCE, VOL. 24, NO. 1, FEBRUARY 1996 source functions. The elementary processes considered in our model were anisotropic elastic scattering of electrons from He atoms, electron impact excitation, and ionization of He atoms. All the secondary electrons were traced in the simulations.
The spatial distribution of the ionization source function in the cross section of the discharge is plotted in Fig. 2 . The discharge conditions are the same as in Fig. 1 . It can be seen in Fig. 2 that the ionization source has a sharp maximum in the center of the discharge. This result confirms that even at relatively high buffer gas pressures, the fast electrons are focused into the center of the discharge by the curved cathode sheath. These fast electrons produce significant ionization and excitation, and consequently play an important role in the pumping process of the hollow cathode metal ion lasers.
